Background: The COBAS 6000 system can be completed by a Modular Pre-Analytics (MPA), an integrated laboratory automation system that streamlines preanalysis. For an optimal throughput, the MPA centrifuges blood collection tubes for 5 min at 1885 Â g -a centrifugation time that is not in concordance with the World Health Organization guidelines which suggest centrifugation for 10/15 min at 2000 -3000 Â g. Methods: In this study, the analytical outcome of 50 serum and 50 plasma samples centrifuged for 5 or 10 min at 1885 Â g was investigated. The study included routine chemistry and immunochemistry assays on the COBAS 6000 and the Minicap capillary electrophoresis. Results: Deming-fit and Bland-Altman plots of the 5-min and 10-min centrifugation steps indicated a significant correlation in serum samples. The lipaemia index in plasma samples centrifuged for 5 min displayed a statistically significant variation when compared with the 10-min centrifugation. Conclusions: Preanalytical centrifugation can be successfully down-scaled to a duration of 5 min for most routine chemistry and immunochemistry assays in serum and plasma samples. To prevent inaccurate results in plasma samples with an increased lipaemia index from being reported, the laboratory information system was programmed to withhold results above certain lipaemia indices. The presented data support the use of a 5-min centrifugation step to improve turnaround times, thereby meeting one of the desires of the requesting clinicians.
Introduction
The COBAS 6000 system is a random-access analyser that is fully automated for clinical chemistry and immunochemistry assays. The analytical performance of the COBAS 6000 system has been thoroughly evaluated and shown to have excellent precision and results equivalence for most assays. 1 The COBAS 6000 system can be completed by a Modular Pre-Analytics (MPA), an integrated laboratory automation system that streamlines the preanalytical phase by automating centrifugation, decapping, online aliquotting, sorting/archiving and sample transportation. The increased use of preanalytical automation, as performed by the MPA, is driven by multiple factors, of which the major ones are the wish to reduce resources (specifically labour), human errors and intralaboratory turnaround time (TAT) on top of achieving standardization.
For the requesting clinician, intralaboratory TAT, as defined by the time of receiving the sample in the laboratory to the time the analysis is complete, should be as short as possible. Therefore, laboratories continuously strive to reduce the TAT while maintaining or improving sample quality. Reduction in the time consumed by centrifugation is one process that contributes to the improvement of the TAT. To this end, the MPA automatically centrifuges blood samples for 5 min at 1885 Â g. This is in contradiction to the instructions of use for most brands of blood collection tubes. For instance, Becton, Dickinson and Company (BD), which has a widespread area of distribution, recommends blood collection tubes to be centrifuged for 10 min at 1300 -2000 Â g for an optimal separation of the plasma or serum. 2 In addition, the World Health Organization (WHO) guidelines recommend blood collection tubes to be centrifuged for 10 min between 2000 and 3000 Â g for serum and 15 min at 2000 -3000 Â g for plasma. 3 This study evaluated if a reduced centrifugation step as performed by the MPA system produced optimal sample quality. To this end, either a manual centrifugation step in accordance with the instructions of use for the blood collection tubes (10 min at 1885 Â g) or an automatic centrifugation step in accordance with the settings of the MPA (5 min at 1885 Âg) was carried out for plasma and serum samples. The analytical outcome of both settings was analysed by measuring a subset of routine chemistry and immunochemistry assays on the COBAS 6000 and the Minicap capillary electrophoresis system.
Methods

Subjects and samples
A single experienced phlebotomist collected the venous blood samples into BD Vacutainer LH 102 I.U. (REF 368886) and BD vacutainer SST advance (REF 367955) blood collection tubes (BD, Plymouth, UK) for routine laboratory analysis. Blood samples were collected with consent from 100 voluntary inpatients during a routine phlebotomy. Two blood collection tubes for serum or plasma were collected and immediately anonymised after phlebotomy. Of the two collected tubes, manual centrifugation was carried out for one tube according to the instructions of BD (10 min at 1885 Â g). The other tube was centrifuged by the MPA (5 min at 1885 Â g) (Roche Diagnostics, Mannheim, Germany). Centrifugation was performed within one hour after venous blood sampling. The described study did not require the permission of the Medical Ethics Review Board, but was performed according to normative guidelines. 4 
Methods of analysis
Immediately after centrifugation, both tubes were processed by the MPA including automatic destopping, aliquoting, bar coding, restopping, sorting and sample transfer. The prepared aliquots were directly analysed on a COBAS 6000 system (Roche Diagnostics) for a subset of chemistry and immunochemistry assays (as shown in Table 1 ) on a c501 and e601 module. Capillary zone electrophoresis (Minicap, Sebia, Norcross, USA) was performed on an additional aliquot in order to analyse the different protein fractions (viz albumin, a 1 , a 2 , b and g fraction).
The subset of chemistry and immunochemistry assays was selected based on several aspects, including the concentration in erythrocytes, molecular mass and involvement in haemostasis. All analysis was completed within four hours.
Statistics
Analyte concentrations derived from manually centrifuged samples were compared with their respective concentration in samples automatically centrifuged by plotting the data in an EP Evaluator (Data Innovations, South Burlington, USA). Using a Deming-fit, the slopes, intercepts and correlation coefficients (R) obtained were used to deduce a proportional and constant bias between the two settings (Bland -Altman Figure 1 Deming-fit alanine aminotransferase (ALAT) and sodium (NA) (serum). In the scatter plot for NA (a) and aspartate aminotransferase (ASAT) (d), the regression line with the allowable error margins is depicted in red, data points in blue and the identity line in black. As can be seen from the bias plot, the regression line is slightly divergent from the identity line, although the discrepancy is well within the allowable error margins set by the analytical variation coefficient. The bias (b and e for NA and ASAT, respectively) and percent bias plot (c and f for NA and ASAT, respectively) shows that the data points are centered around the zero line, indicating no constant or proportional bias. (A colour version of this figure is available in the online journal) plot). Allowable error margins set for the regression line were defined by the analytical variation (as depicted in Table 1 ). The analytical variation coefficient (VC) was deduced from internal quality control measurements. The correlation was approved when a P value .0.05 was obtained using a two sided T-test.
The haemolysis and lipaemia index in serum and the haemolysis index in plasma were excluded from statistical analysis because a significant number of measured values were below the lowest detection limit of the assay (five and ten monoclonal antibodies for haemolysis index and lipaemia index, respectively). The plotted data were unreliable and the correlation could neither be accepted nor rejected. Statistical analysis was performed for the lipaemia index in plasma because all measurements were above the lowest detection limit of ten monoclonal antibodies.
Results
Serum samples
Analyte concentrations measured after a centrifugation step of 5 or 10 min were compared in an EP evaluator with Deming-fit regression analysis to deduce the slope, intercept and correlation coefficient ( Table 2) . A P value .0.05 was considered as a non-significant difference between the two data sets and, hence, the correlation was approved, otherwise the correlation was rejected.
Ideally, the slope should randomly vary around 1.00 and the intercept around 0.00. As can be seen in Table 2 , most analytes displayed slopes and intercepts around these ideal targets of 1.00 and 0.00, respectively. Aberrations from these ideal targets were due to relatively large variations at low to low normal values (Figures 1a and d) . The Bland -Altman plot indicated that the data points were, with a considerable variation, centred around the zero line, indicating no constant or proportional bias that was caused by the preanalytical variation in centrifugation time (Figures 1b,c and e,f ). This conclusion was endorsed by the fact that the P value was .0.05, meaning that a centrifugation step of 5 or 10 min did not lead to a significantly different analytical outcome.
Plasma samples
As can be seen from Table 3 , the slope and intercept for most measured analytes varies around 1.00 and 0.00, respectively. As described above, aberrations from this ideal value were caused by assay variation and not by the preanalytical variation in centrifugation time (P . 0.05) ( Figure 2 ). The lipaemia index was an exception to this, and the slope and intercept were aberrant from the ideal value due to a proportional bias of 50 -100% (Bland -Altman plot depicted in Figure 3 ). This meant that the lipaemia index, after a 10-min centrifugation step, was 50 -100% lower compared with a centrifugation step of 5 min. Statistics indicated that the correlation between a 5-or 10-min centrifugation step was significantly different for the lipaemia index (P ¼ 1.10E-16). The higher lipaemia index after a 5-min centrifugation step is due to turbidity Table 3 Method comparison of chemistry and immunochemistry assays in plasma after an automatic centrifugation step of 5 min or a manual centrifugation step of 10 min 
Discussion
Traditionally, laboratories have focused on improving analytical quality (e.g. precision and accuracy). A clinician's definition of quality encompasses not just a reliable result, but a rapid and reliable result at low cost. 5, 6 Therefore, laboratories continuously strive to reduce the intralaboratory TAT without compromising the analytical quality. A ratelimiting process in the intralaboratory TAT is the centrifugation step that separates the serum or plasma from the more dense residual blood constituents (red blood cells, white blood cells and platelets). Centrifugation can take as much as 20 min when queuing, loading, balancing, centrifuging, slowing down to a stop and unloading of the centrifuge are taken into account. Despite this, the influence of a shorter centrifugation time has been scantly investigated. 7 -10 Recently, Minder et al. 11 reported on the effect of different centrifugation conditions on a broad range of chemistry and immunochemistry assays in human plasma. No significant difference was observed in the analytical outcome after whole blood was centrifuged according to the WHO guidelines (15 min at 2180 Â g 3 ) or for 10 min at 2180 Â g or 7 min at 1870 Â g. The data by Minder et al. suggest that centrifugation time can be reduced from 15 to 7 min, a 47% decrease that, according to the authors, leads to a significantly faster intralaboratory TAT. The data presented here Studying a large subset of chemistry and immunochemistry assays in serum samples, we observed no significant difference when the preanalytical centrifugation time was minimized from 10 to 5 min at 1885 Â g. This suggests that the centrifugation time can be minimized by at least 50% without affecting the analytical outcome in serum samples. In plasma samples, the reduction in centrifugation time led to a proportional bias of 50 -100% for the lipaemia index. This means that the lipaemia index, after a 10-min centrifugation step, is 50-100% lower compared with a centrifugation step of 5 min. The question arises if the higher lipaemia index, after a 5-min centrifugation, affects the accuracy of the reported results. Lipaemia results in a turbid plasma that interferes with the assay by light scattering or volume displacement. 12 According to the package insert for the COBAS 6000, lipaemia either has a positive or negative interference for alanine aminotransferase, aspartate aminotransferase bilirubin (total and conjugated), creatine kinase, C-reactive protein, glucose, creatinin (Jaffé-based assay), urea and latent iron-binding capacity. Except progesterone, the immunoassays analysed on the COBAS 6000 are not significantly influenced by the presence of lipaemia. This is expected since immunoassays use a sandwich chemiluminescent assay with two monoclonal antibodies, extensive washing and a final measurement by electrical methods. 13 To circumvent interference by lipaemia, the laboratory has taken precautionary measures for every assay by defining a maximal acceptable lipaemia index up to which the assay is not significantly interfered by lipaemia. If this maximum index is overrun, the affected results are withheld by the laboratory information system (LIS) and not reported. As described by the authors, a 5-min preanalytical centrifugation step of 1885 Â g performed by the MPA results in increased values for the lipaemia index. In theory, this could lead to an extensional increase in the amount of samples that overrun the maximal lipaemia index set in the LIS. The result would be blocked and not reported to the requesting clinician. However, in the laboratory, which predominantly uses serum samples for routine analysis, (1% of the measured lipaemia indices in plasma and serum samples are above the maximum index set in the LIS. Therefore, a shorter centrifugation time will neither affect the quality of the reported result nor the quality in service.
Conclusion
The data presented in this study provide convincing evidence that the centrifugation time in serum samples can be down-scaled from 10 to 5 min without affecting the analytical result that is reported to the clinicians. For plasma samples, the centrifugation time can be successfully down-scaled to 5 min if precautionary measures, like programming the LIS, are taken to overcome analytical interference by an increased lipaemia index.
Automation of centrifugation by the MPA allows for standardization of pre-and post-centrifugation, thereby decreasing the time it takes to complete the process of loading, balancing, slowing down to a stop and unloading of the centrifuge. Therefore, a reduction in centrifugation time will ultimately fasten the intralaboratory TAT more than the mere saved 5 min. To be more specific, calculations with a simulation programme indicated that saving 5 min on centrifugation time will reduce the intralaboratory TAT by a conclusive 11 min. In an attempt to improve the intralaboratory TAT, sample quality should not be compromised. In this light, this study sets an example that shows that improving intralaboratory TAT and analytical quality can go hand in hand.
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